Public education about the risk factors of gastric cancer and of lifestyle modifications and the importance of regular screening regardless of the presence of symptoms should be emphasized to reduce gastric cancer mortality in South Korea.
I n t r o d u c t i o n
Although the incidence of gastric cancer has been decreasing gradually worldwide, gastric cancer is still the second most common leading cause of cancer death in the world and populations in Korea and Japan have the greatest risk of developing gastric cancer as compared to any other known population (1). Geographic differences in the incidence of gastric cancer have been ascribed to several reasons, and environmental factors have a greater influence on gastric cancer development than genetic factors (2, 3) . Of the environmental factors, dietary factors are probably responsible for the regional differences (4) . In addition, Helicobacter pylori infection has been associated with gastric cancer, and infection rates and infecting bacterial strain types differ in Asia and other world regions (5) .
Two approaches have been used to reduce cancer mortality. One approach is primary prevention to reduce the development of cancer by eliminating risk factors and a second approach for prevention is early detection. It is well known that an early stage gastric cancer has a good prognosis.
For primary prevention of gastric cancer, public awareness of the risk factors of gastric cancer and efforts to modify risk factors are needed. Numerous lessons have been learned from studies of other cancers (6, 7) . For cancers such as breast cancer, colorectal cancer and cervical cancer, a lack of awareness of risk factors and a lack of 
Purpose
This study involved a population-based survey to provide evidence of public awareness of risk factors of gastric cancer and to investigate attitudes for the screening of gastric cancer in the South Korean population.
Materials and Methods
Using a nationwide random selection method, 2014 subjects were enrolled in the study between 5 September 2006 and 25 September 2006.
Results
In terms of the awareness of risk factors, awareness was scored as the percentage of the probability of developing gastric cancer when a subject had a particular risk factor. For the risk factors, stress ranked highest with a score of 73.5%, followed by chronic gastritis (score of 72.1%), gastric ulcer (score of 71.2%) and a previous gastrectomy history (score of 68.7%). Other factors included a diet of charred foods (score of 67.3%), alcohol use (score of 65.3%), salty diet (score of 65.1%), history of smoking (score of 64.3%) and Helicobacter pylori infection (score of 57.5%). Subjects believed that 60.4% of all gastric cancers were preventable by lifestyle modification and the subjects believed that regular screening could prevent 72.1% of all gastric cancers. However, 54% of subjects did not receive regular screening and the most common reason for not undergoing screening was a lack of symptoms.
perception of self-risk may be reasons for apparent lack of concern (8,9). However, no systematic studies have been undertaken of these issues for gastric cancer. In particular, informative studies are not available on the level of public awareness of risk factors or perception of self-risk.
For secondary prevention of gastric cancer, regular screening is a prerequisite. In South Korea, it has been recommended that all persons older than 40 years should receive regular screening every two years regardless of symptoms, but the actual examination rate is not satisfactory. Thus, reasons for low screening rates should be determined to aid the planning of future strategies aimed at gastric cancer prevention. For other cancers, such as breast, colon, lung and cervical cancer, many systematic studies about views of general subjects on preventative measures have been undertaken, especially in Western countries (10, 11) . However, comparatively little is known about how the general population decides to adopt preventative measures of gastric cancer.
We undertook this study to provide evidence for public awareness of gastric cancer risk factors and for the perception of self-risk of gastric cancer development in a representative population in South Korea. In addition, we have investigated attitudes of the South Korean general population regarding gastric cancer screening. As we have been interested in the quantitative estimation of public awareness, we have emphasized awareness of attributable and preventable risks, defined as the percentage contribution made by a factor to the risk of developing gastric cancer, or as the percentage reduction in disease incidence expected if a factor was eliminated.
M a t e r i a l s a n d M e t h o d s
The present study involved a population-based survey. Using a nationwide random selection method based on recruiting numbers by region, 2014 subjects aged 19 years or older were enrolled between 5 September 2006 and 25 September 2006. Trained interviewers with the use of a face-to-face written interview conducted the survey. Informed consent was obtained from all participants prior to interviews.
The questionnaire used in the survey contained questions on the following issues ( Significance was set at p 0.05. Multivariate regression analysis was also performed to investigate correlations between significant demographic parameters and special risk factors. We used the Scheffe method when the post-hoc test was conducted.
R e s u l t s 1 Subject characteristics
The characteristics of the 2014 subjects enrolled are shown in Table 2 .
Estimation of perceived self-risk of gastric cancer
Perceptions of gastric cancer self-risk are summarized in Fig. 1 . Among all subjects, 40.1% of the subjects believed that their selfrisk of gastric cancer was average, 36.3% of the subjects believed that their self-risk was low and 9.7% of the subjects believed that their self-risk was very low. However, 9.8% of the subjects believed that they had a high risk to develop gastric cancer and 1.2% of the subjects considered that the risk was very high.
The characteristics of the subjects found to influence perception of gastric cancer self-risk were the following: age (p=0.03), education (p=0.04), region of residence (p 0.01), marriage (p< 0.01), cancer insurance (p=0.02), current health status (p 0.01), smoking (p=0.03), alcohol use (p 0.01), salty diet (p 0.01), and a spicy diet (p=0.04). Data including post-hoc test findings is summarized in Table 3 .
Sixty percent of subjects with a good self-assessed current health status considered that their risk of gastric cancer was low or very low, but only 23.2% of subjects with a poor self-assessed health status considered that their risk of gastric cancer was low or very low (p 0.01). Seventeen percent of current smokers thought that VOLUME 41 NUMBER 2 JUNE 2009 61 According to alcohol intake, 51% of non-users thought that their risk of developing gastric cancer was low or very low, but 42.2% of those that consumed alcohol every week thought that their risk of developing gastric cancer was low or very low. Interestingly, 49.4% of subjects that consumed alcohol daily thought that their risk of developing cancer was low or very low (p 0.01).
Public awareness of risk factors associated with gastric cancer
To determine public awareness of risk factors associated with gastric cancer, we asked subjects whether certain items were risk factors of gastric cancer. Subjects were asked to score answers between 0 and 100, where "0" meant no association and "100" represented certainty. The results are summarized in Fig. 2 .
Stress was regarded as the most powerful risk factor. Subjects believed that the probability of development of gastric cancer due to stress was 73.5% (95% confidence interval-CI: 72.7 74.4%), followed by the presence of gastric lesions, including chronic gastritis, a gastric ulcer and a previous gastrectomy history (72.1%; 95% CI: 71.3 73.0%), 71.2% (95% CI: 70.3 72.0%) and 68.7% (95% CI: 66.9 68.8%), respectively.
Subjects believed that the probability of development of gastric cancer due to a diet of charred foods was 67.3% (95% CI: 66.4 68.2%) and a salty diet was 65.1% (95% CI: 64.2 66.0%).
The probability of development of gastric cancer caused by alcohol consumption and smoking were 65.3% (95% CI: 64.4 66.2%) and 64.3% (95% CI: 63.3 65.3%), respectively, and the probability of development of gastric cancer due to obesity and physical inactivity was 61.4% (95% CI: 60.4 62.3%) and 58.0% (95% CI: 57.1 58.9%), respectively. In terms of dietary factors, consumption of processed ham or sausages and a fatty diet ranked lower as compared to the above-mentioned factors. The probability of gastric cancer development due to Helicobacter pylori was 57.5% (95% CI: 56.5 58.5%).
As risk factors, age (48.7%, 95% CI: 47.7 49.7%) and sex were ranked lowest, except for the consumption of vegetables and fruits. The risk of gastric cancer based on a family history of gastric cancer was 61.0% (95% CI: 60.0 62.0%).
Awareness of preventable risks of gastric cancer
To determine individual awareness of preventable factors, we asked subjects what percentage of gastric cancers would be prevented if a particular given risk factor was totally removed. Results are summarized in Fig. 2 .
The study population considered that 68.9% of gastric cancers could be prevented by eliminating stress (95% CI: 67.9 69.8%). The participants believed that the elimination of a diet of charred foods would reduce the incidence of gastric cancer by 59.2% (95% CI: 58.3 60.1%) and the elimination of a salty diet would reduce the incidence of gastric cancer by 57.6% (95% CI: 56.7 58.5%).
As compared with the dietary factors, treatment of gastric lesions including gastric ulcers, chronic gastritis and a previous gastrectomy history was regarded as a more effective measure to reduce the risk of gastric cancer as compared to the risk due to dietary factors. The corresponding reductions believed possible by eliminating these three types of gastric lesions were 66% (95% CI: 65.1 66.9%), 66.7% (95% CI: 65.8 67.6%) and 65.1% (95% CI: 64.1 65.9%), respectively.
The elimination of alcohol consumption and smoking were considered to prevent 60.4% (95% CI: 59.4 61.3%) and 59.3% (95% CI: 58.2 60.3%) of gastric cancers.
Awareness of genetic factors and the value of lifestyle modifications
Subjects considered that the proportion of genetic contribution to the development of gastric cancer was 38.5%. Women (40.1% versus 36.8% for men, p 0.01) and homemakers (41.6% versus 37.7% for working women, p=0.04) were more likely to believe that gastric cancer was genetically determined. Current health status also influenced opinions Subjects with a good self-assessed current health status considered that the risk of gastric cancer determined genetically was 37.4%, whereas the risk was 41.3% in subjects with a poor current health status (p 0.01).
Subjects considered that 60.4% of gastric cancers were preventable by lifestyle modification. Results concerning smoking were interesting; current smokers believed that 59.4% of gastric cancers could be prevented by lifestyle modification and nonsmokers believed that 60.4% of gastric cancers could be prevented, whereas ex-smokers thought that 63.6% of gastric cancers were preventable by lifestyle modification (p=0.03). Other factors such as education, occupation, and region of residence were not significant.
Perception for the values of early diagnosis and regular screening
The distribution of subjects according to the perception of gastric cancer curability for an early diagnosis is shown in Fig. 3 . Among all subjects, 29.5% considered that early gastric cancer curability was 80 89%, 24.5% of the subjects thought early gastric cancer curability to be 90 99% and 7.9% of the subjects believed that early gastric cancer was completely curable.
In terms of the value of regular screening, 61.4% of the subjects considered that regular screening was very helpful for early detection and 37.6% of the subjects thought that regular screening was helpful. Only 1% of subjects considered that regular screening was unhelpful. Moreover, the subjects believed on average that 72.1% of gastric cancers were preventable by regular screening. Subject characteristics, such as education, occupation, income and current health status were not found to influence significantly Do-Youn Oh, et al_Public Awareness of Gastric Cancer Risk Factors and Disease Screening VOLUME 41 NUMBER 2 JUNE 2009 63 Fig. 2 . Awareness of attributable and preventable risks in gastric cancer. An 'attributable risk' associated with factor 'A' is the risk of gastric cancer development associated with the presence of this risk factor. However, during the development of gastric cancer, several risk factors are likely to be involved. 'Preventable risk' associated with factor 'A' is the probability of preventing gastric cancer development by eliminating factor 'A' (100%: gastric cancer can be prevented totally if risk factor 'A' is removed; 50%: 50% of gastric cancer can be prevented if risk factor 'A' is removed).
perceptions concerning regular screening.
In terms of screening, 46% of subjects had undergone screening for gastric cancer at least once. Age (p 0.01), a lower education status (p 0.01), a lower family income (p 0.01), married status (p 0.01), poor current health (p 0.01), ex-smoking status (p 0.01), heavy alcohol consumption (p 0.01) and not favoring a spicy diet (p=0.01) or a fatty diet (not favoring, p 0.01) were found to influence adversely subject behavior in terms of screening. Of the subjects that had undergone screening, 54.2% of the subjects had undergone screening within one year, 21.8% of the subjects had undergone screening within the past 1 2 years and 11.9% of the subjects had undergone screening within the past 2 3 years, 6.8% of the subjects had undergone screening within the past 3 5 years and 5.3% of the subjects had undergone screening prior to five years.
Of those subjects who did not receive regular screening, reasons for not undergoing screening are shown in Table 4 . The most common cause of not receiving regular screening was the absence of symptoms. Future plans in terms of screening for gastric cancer are shown in Table 5 . Among all respondents, 22.2% had a screening plan when they developed symptoms and 10.9% of respondents had no screening plan.
D i s c u s s i o n
To reduce gastric cancer mortality, reversible risk factors should be modified and regular screening should be performed (12) . To achieve this goal, public education should be undertaken as a high level of public awareness of risk factors is required. There are studies on the differences between the cancer risk perceptions by the general population and their behavior towards the prevention of cancer (13) (14) (15) (16) (17) . Therefore, it is important to determine current levels of risk factor awareness and perceptions of screening programs intended for the general population.
However, the extent of public awareness of the risk factors of gastric cancer has not been well studied. This is also the case in South Korea that has the highest incidence of gastric cancer in the world. The present study is the first large-scale study conducted in South Korea and was undertaken to assess public awareness of risk factors of gastric cancer. As far as we are aware, no previous study has been undertaken to gauge the level of public awareness of gastric cancer.
Several risk factors of gastric cancer have been described. Although genetic and environmental factors are involved in the development of gastric cancer, it appears that environmental factors are more important (2,3). Thus, changing or eliminating environmental risk factors could reduce gastric cancer incidence, but require essential lifestyle modifications in the general population (18, 19) .
In our study, the Korean subjects thought that genetic predisposition accounted for 38.5% of gastric cancers and 61.5% of gastric cancers were regarded to be caused by environmental factors. In addition, the Korean subjects believed that 60.4% of gastric cancers were preventable by lifestyle modifications.
As shown in the present study, estimations of gastric cancer selfrisk were not high. Only 11.0% of the study subjects thought that they had a high or very high risk of developing gastric cancer. Fortysix percent of the study subjects believed they had a low or very low risk of gastric cancer. This finding indicates that the subjects were not over-concerned with the self-risk of gastric cancer and is reflected by participation in screening programs. Fifty-four percent of the Korean subjects have never undergone a check-up for gastric cancer, and most frequently cited a lack of symptoms as the cause of not receiving screening. To facilitate regular screening, the public 
Cause
Number of subjects (%) In the present study, we investigated both public awareness of 'attributable risk' and 'preventable risk'. The 'attributable risk' associated with factor 'A' is the risk of gastric cancer development associated with the presence of this risk factor. However, during the development of gastric cancer, several risk factors are likely to be involved, and the 'preventable risk' associated with factor 'A' is the probability of preventing gastric cancer development by eliminating factor 'A'. Thus, there may be a gap between the 'attributable' and 'preventable' risk associated with the same risk factor.
For questions concerning 'attributable risks', stress was regarded as being the most powerful risk factor, and the study subjects believed that the probability to develop gastric cancer when they were under stress was 73.5%. In addition, dietary factors were viewed as being less important than stress or gastric lesions, such as a gastric ulcer, chronic gastritis or previous gastrectomy. Recently, infection with Helicobacter pylori has received much publicity and the general population has been aware of the effects of bacterial infection. However, the probability of development of gastric cancer due to Helicobacter pylori was scored as 57.5%, which was the lowest score (except for effects of air pollution, age and sex).
Regarding questions about the awareness of 'preventable risks', stress was also ranked highest followed by the presence of gastric lesions (gastric ulcer, chronic gastritis and a previous gastrectomy history), alcohol use, Helicobacter pylori infection and smoking. The study population considered that elimination of stress reduces the risk of gastric cancer development by 68.9%. The elimination of a diet of charred foods and a salty diet were believed to reduce the risk of gastric cancer development by 59.2% and 57.6%, respectively. As compared with these dietary factors, treatment of gastric lesions such as a gastric ulcer, chronic gastritis and a history of gastrectomy was regarded as being more capable to reduce the risk of gastric cancer development.
Interestingly, stress was ranked highest in terms of attributable and preventable risks. The subjects believed that stress was most strongly related to gastric cancer development and that gastric cancer could be prevented most effectively by stress reduction.
In terms of the causal relationship between stress and cancer, much research has been carried out for breast cancer, but studies on the relationship between stressful life events and breast cancer risk have produced conflicting results. In one cohort study, the hazard ratio for breast cancer per one stressful event increase was determined as 1.07 (95% CI: 1.00 1.15), whereas the hazard ratio of divorce and separation was 2.26 (95% CI: 1.25 4.07) and that of the death of a husband was 2.00 (97% CI: 1.03 3.88) (20) . However, in another prospective cohort study, which was conducted in Finland, no evidence of any association between self-perceived daily stress and breast cancer risk was found (21) , and a metaanalysis conducted by Duijts et al. failed to support an overall association between stressful events and breast cancer risk (22) . In addition, Nielsen et al. concluded that stress does not appear to increase the risk of breast cancer (23) . For colorectal cancer, several studies have examined the relationship between stress and cancer risk. In one study, a history of serious work-related problems during the prior 10 years was found to be strongly associated with the occurrence of colorectal cancer (odds ratio, 5.5; 95% CI: 2.3 23.5) (24) .
However, for gastric cancer, few studies have examined the relationship between stress and gastric cancer risk. According to a nationwide Swedish case-control study conducted by Catarina and colleagues, work-related stress does not appear to be important in the etiology of gastric cancer. However, significant associations have been reported between job strain and the risk of gastric cardia cancer (odds ratio, 2.2; 95% CI: 1.0 4.8) and between a covert coping style and gastric cancer (odds ratio, 1.8; 95% CI: 1.0 2.3) (25) . Thus, the relationship between stress and gastric cancer risk requires further clarification.
The findings of the present study encourage us to make several suggestions. First, accurate information about the risk factors of gastric cancer should be presented to the general population. For example, Helicobacter pylori infection, smoking, and dietary factors need to be emphasized at the expense of obesity, air pollution and stress. Second, lifestyle modifications are to be encouraged based on an awareness of risk factors, and third, more accurate information about screening should be presented to the general population, especially on the need for screening regardless of symptoms.
This study has some limitations. First, the questions were somewhat subjective. For example, a 'salty diet' or 'spicy diet' is not well defined, so the respondents may have different concepts on the definition. A more objective method would be to define the use of 'salty' or 'spicy' in quantitative terms. Second, favoring a diet is also somewhat subjective. More objective methods are needed to define the diet pattern; for example, how often the respondents ate salty or spicy foods. Third, the concept of 'stress' is also broad. Stress can refer to many events with various levels of stress. However, the aim of this study was to assess the level of awareness of gastric cancer risk factors in the general population and to determine the association of awareness and the behavior of the general population. Thus, simple questions were employed.
The present study provides evidence of the public awareness of risk factors of gastric cancer and perceptions of self-risk in a population at particularly high risk. In particular, the quantitative determination of the awareness of attributable and preventable risks of risk factors in the present study is unique. In addition, this study reveals the attitudes of South Korean subjects to gastric cancer screening.
C o n c l u s i o n
The present study on attributable and preventable risks in gastric cancer in a population from South Korea provides information and perspectives for the establishment of gastric cancer prevention strategies.
